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of chronic venous disease, leg injury, or surgery. DU
results confirmed healthy venous function as a condition
of entry into the study.
DU was performed with an Ultramark 9 (Advanced
Technology Laboratories, Bothell, Wash) scanner with a 5-
MHz linear scanner and 100-Hz filter. All the studies were
done in subjects at 30 degrees reverse Trendelenburg’s
position. To eliminate observer bias, the entire examination
was recorded on videotape to be analyzed at a later time.
The technologist who performed the measurements was
blinded to all identifiers. Velocities and CSA were measured
with the LASICO-1282 planimeter/digitizer (LASICO,
Los Angeles, Calif). Two perpendicular axes of the venous
lumen were measured, and CSA was calculated with the for-
mula of an ellipse. Mean velocities were traced, and the
velocity time integral was determined during 80 seconds
with proprietary software of the ultrasound scanner. This
value was divided by the duration of the outflow to obtain
the time average mean velocity (TAMV). An average value
of two consecutive measurements was used. Flow volume
was calculated as a product of CSA and TAMV.
In five extremities of five volunteers, the reproducibil-
ity of TAMV was examined with different measurement
settings. Each of three variables, Doppler scan sample vol-
ume size, ultrasound scan beam incident angle, and time
interval of measurement, were varied across a spectrum for
There are compelling reasons for the pursuit of a non-
invasive method for the quantification of venous flow, and
the most likely method for success is by way of duplex
ultrasound scanning (DU). Because ultrasound scan accu-
rately measures velocity of flow and cross-sectional area
(CSA) of the vessel, the elements are present to measure
flow. There are several variables that can be standardized
for optimal results, but the result of correcting these vari-
ables has not been assessed. The purpose of this investiga-
tion is the identification of the optimal elements of DU
flow measurement in the veins and the determination of
whether standardization of these elements can provide
acceptable reproducibility of the venous flow measure-
ments in individual segments of the lower extremity veins.
METHODS AND MATERIALS
Twenty-five healthy volunteers underwent examina-
tion with DU. No one had a previous or current history
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Purpose: The purpose of this study was the identification of the optimal settings of ultrasound scan flow measurement
in the veins and the determination of whether the standardization of these settings can provide acceptable repro-
ducibility of the venous flow measurements in individual segments of the lower extremity veins.
Methods: The venous cross-sectional area, the time average mean velocity, and the venous volume flow of 25 healthy
volunteers were examined with duplex ultrasound scanning. Reproducibility was examined with different measurement
settings. Doppler scan sample volume size, ultrasound scan beam incident angle, and time interval of measurement were
varied across a spectrum for arrival at the setting for highest reproducibility of the flow volume measurements. Test-
retest reproducibility of venous flow volume measurements then was investigated with optimized settings.
Results: The highest repeatability of volume flow measurements was achieved when the full lumen of the vein was
insonated (coefficient of repeatability [CR] = 1.88 cm/s), the ultrasound scan beam incident angle was equal to 60
degrees (CR = 1.56 cm/s), and the measurement time was more than 40 seconds (CR = 1.64 cm/s). The mean values
of volume flow were 360 mL/min in the common femoral vein, 147 mL/min in the superficial femoral vein, 86
mL/min in the profunda femoral vein, and 38 mL/min in the greater saphenous vein. Test-retest repeatability coeffi-
cients were 96.9 mL/min for the common femoral vein, 70.2 mL/min for the superficial femoral vein, 40.8 mL/min
for the profunda femoral vein, and 16.8 mL/min for the greater saphenous vein.
Conclusion: The reproducibility of ultrasound scan measurements of volume flow in veins is optimized with the use of
sampling volumes that cover the entire venous lumen, with an incident angle of 60 degrees and measuring for 40-sec-
ond intervals or longer. With these defined variables, volumetric measurements are sufficiently repeatable. The values
of flow volume measured with duplex ultrasound scanning were comparable to those with thermodilution techniques
that were reported previously. (J Vasc Surg 2002;35:527-31.)
arrival at the setting for highest reproducibility of the flow
volume measurements. Although the Doppler scan sam-
pling volume size was set to insonate 1/3, 1/2, 2/3, and
full vessel diameter, the ultrasound scan beam incident
angle was maintained at 60 degrees and recordings were
continuously performed for an 80-second interval. When
the ultrasound scan beam incident angle was set at 50
degrees, 60 degrees, and 70 degrees, the Doppler scan
sample size was maintained to insonate full vessel diameter
and the recordings were continuously performed for an
80-second interval.
In a separate series of 20 volunteers, test-retest
(intraobserver) reproducibility of venous flow volume
measurements was investigated. Each of the venous seg-
ments were examined twice. The common femoral vein
(CFV) flow was measured cephalad to the saphenofemoral
junction. The superficial femoral vein (SFV) flow was
measured at the upper thigh, and the profunda femoral
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Fig 1. Test-retest variability of flow measurements in GSV plotted according to Altman and Bland.1
Ninety-five percent limits of agreement lines (dashed) are drawn in plot. Difference between two mea-
surements is denoted on vertical axis; mean of two measurements is denoted on horizontal axis. VF,
Volume flow (mL/min).
Fig 2. Test-retest variability of flow measurements in PFV plotted according to Altman and Bland.1
Ninety-five percent limits of agreement lines (dashed) and mean difference line (solid) are drawn in plot.
Difference between two measurements is denoted on vertical axis; mean of two measurements is
denoted on horizontal axis. VF, Volume flow (mL/min).
vein (PFV) flow at the main stem. The greater saphenous
vein (GSV) flow was measured below the subterminal
valve. The interval between the first and second examina-
tion was not more than 30 minutes. The sampling volume
size, the Doppler scan angle, and the measuring time were
set on the basis of the maximum reproducibility of these
parameters obtained during the optimization study.
Reproducibility was analyzed with methodology
described by Altman and Bland.1 Association between the
variation and the magnitude of measurements was ana-
lyzed with the plotting of the differences between paired
measurements against their means and with the calculation
of Kendall τ rank correlation. The coefficient of repeata-
bility (CR) was used for the quantification of repro-
ducibility of measurements. CR was defined as doubled
standard deviation (or 95% confidence interval) of the dif-
ference between two measurements. In other words, the
second measurement is expected to differ from the first
measurement by not more than the CR with a probability
of 0.95. CR is smallest when the test is highly repro-
ducible and largest when the test has low reproducibility.
RESULTS
Optimization of the measurement settings. The
repeatability of TAMV varied when different sampling vol-
ume sizes were set (Table). The highest repeatability was
achieved when the full lumen of the vein was insonated,
and the lowest repeatability was obtained with the sample
volume at 1/3 of the venous diameter. The reproducibil-
ity of TAMV measurements decreased when the ultra-
sound scan beam incident angle deviated from 60 degrees.
When the measurements were performed for the 80-sec-
ond interval, TAMV values were most reproducible. A
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decrease in the measurement time to 40 seconds caused
little change in the reproducibility of measurements, but
further decrease to the 24-second interval resulted in a
greater reduction of the repeatability of measurements to
an unacceptable degree (CR = 2.56 cm/s).
Test-retest reproducibility. On the basis of the pre-
vious results, all the measurements were performed dur-
ing at least a 40-second interval, with an ultrasound scan
beam incident angle of 60 degrees and sampling volume
size adjusted to insonate the entire lumen of the vessel.
The mean values of volume flow were 360 mL/min in the
CFV, 147 mL/min in the SFV, 86 mL/min in the PFV,
and 38 mL/min in the GSV. The mean volume flow in
the CFA was 314 mL/min. The differences in volume
flow between the first and the second measurements in
the GSV and the PFV were not associated with the mag-
nitude of the measurement (Figs 1 and 2). For measure-
ments in the CFV and the SFV, this association (Figs 3
and 4) was not statistically significant. For measurements
in the CFV, the Kendall τ rank correlation was 0.14 (P =
.3). For measurements in the SFV, the Kendall τ rank cor-
relation was 0.01 (P = .95). The test-retest repeatability
coefficients were 96.9 mL/min for the CFV, 70.2
mL/min for the SFV, 40.8 mL/min for the PFV, and
16.8 mL/min for the GSV.
DISCUSSION
The technical details (sampling volume, angle of
insonation, measurement of CSA) of the ultrasound scan
examination are important when DU is used for measure-
ment of the flow volume. With in vitro conditions, the sys-
tematic error for volume flow measurement is less than 6%
for modern machines.2
Fig 3. Test-retest variability of flow measurements in CFV plotted according to Altman and Bland.1
Ninety-five percent limits of agreement lines (dashed) and mean difference line (solid) are drawn in plot.
Difference between two measurements is denoted on vertical axis; mean of two measurements is denoted
on horizontal axis. VF, Volume flow (mL/min).
Several parameters influence the accuracy of ultra-
sound scan measurements. Increasing the size of the
Doppler scan sampling volume reduces the error.2
Conversely, errors from large sampling volumes may be
introduced by catching signals from adjacent vessels or
surrounding tissue. This study showed that the use of the
sampling volume size to the entire diameter increases the
reproducibility of venous flow volume.
In vitro experiment results show that lower transducer
angles reduce the error of measurement.2,3 Daigle,
Stavros, and Lee3 reported that the linear transducers that
are commonly used for the assessment of peripheral vessels
have higher errors because of overestimation of flow rate
at large angles. Sampling volume position settings can also
produce errors because there is a partial loss of the
Doppler scan signal in deep-seated vessels, which causes
underestimation of the flow velocity.2,4 In this in vivo
study, the highest reproducibility of venous flow measure-
ment was found when a 60-degree angle between the
transducer and the vessel was used.
There are few reports of the reproducibility and vari-
ability of venous flow volume measured with DU. Vasdekis,
Clarke, and Nicolaides5 reported that the variation of
popliteal venous reflux flow volumes measured with DU
with 45-degree average angle approach and the sampling
volume equal to venous diameter ranged from 12% to 22%.
Our results are comparable with published reports on
reproducibility of venous flow volume measurements.
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Coefficient of repeatability of time average mean velocity with varying parameters: sampling 
volume size, ultrasound scan beam incident angle, and time of measurement
Parameter CR (cm/s) Mean value (cm/s)
Doppler scan sample volume size (fraction of venous lumen)
1/3 2.74 4.79
1/2 2.36 4.73
2/3 1.99 4.55
Full lumen 1.88 4.66
Ultrasound scan beam incident angle (degrees)
50 2.46 4.96
60 1.56 4.63
70 4.35 5.40
Time of measurement (seconds)
8 2.82 5.16
24 2.56 4.94
40 1.64 5.00
80 1.38 4.91
CR, Coefficient of repeatability.
Fig 4. Test-retest variability of flow measurements in SFV plotted according to Altman and Bland.1
Ninety-five percent limits of agreement lines (dashed) are drawn in plot. Difference between two mea-
surements is denoted on vertical axis; mean of two measurements is denoted on horizontal axis. VF,
Volume flow (mL/min).
The accuracy of ultrasound scan venous flow volume
measurements has been previously investigated. Moriyasu
et al6 reported a good correlation between inferior vena
caval flow volume measured with DU and volume with an
electromagnetic flow meter in a canine model. When
Gill2 compared splenic arterial and venous flow measured
with DU, he found the average difference between
venous and arterial readings was 5.3%. Beckwith et al7
showed a strong relationship between blood flow volume
and Doppler scan wave forms in a venous model with a
valve. The mean CFV flow volume of 360 ± 138 mL/min
that was found in this study is in the range reported by
other authors with thermodilution techniques in which
the average CFV flow ranged from 300 mL/min to 510
mL/min.8-10
CONCLUSION
The reproducibility of ultrasound scan measurements of
volume flow in veins is optimized with sampling volumes
that cover the entire venous lumen, with an incident angle
of 60 degrees, and with measuring for 40-second intervals
or longer. With these defined variables, volumetric mea-
surements are sufficiently repeatable. The values of flow vol-
ume measured with DU were comparable with those that
used thermodilution techniques reported previously.
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